Background: Few odour tests have been created for children.
Introduction
The sense of smell provides humans with information on the surroundingenvironment [1, 2] . It has been suggested that olfactory function is linked to learning [3] , and smell disorders could be an important handicap in children's development.
Studies assessing smell dysfunction in children are scarce, even though several causes of olfactory dysfunction (e.g. congenital anosmia, allergic rhinitis, head trauma, adenoidal hyperplasia, and turbinate enlargement) are common among paediatric population [4] [5] [6] [7] .
Several odouridentification tests have been developed in different countries for clinical use, mainly in adults [8] [9] [10] [11] . However, the nature of odour identification, usually limits the use of olfactory tests to the country or region where they have been developed and validated.
The Barcelona Smell Test (BAST-24) [12] is commonly used in Spain. However, this test may not be adequate for children.Its application takes approximately 30 to 45 minutes and require high level of concentration during the procedure. Therefore, it might be particularly challenging for children who become tired more easily and have shorter attention span than adults, which may result in higher arbitrariness in their answers. Moreover, odour identification score might depend on children's verbal skills [13] .
Some smelltests have been created for children [14] [15] [16] [17] , however, they are more difficult to obtain and they may not be suitable for very young children. Recently, a new international odour identification test for children, the Universal Sniff Test (U-Sniff),has been validated in 19countries [18] . However, this test does not include a threshold test to complement identification task for the assessment of sensorial dysfunction. A composite analysis of several components of olfaction, especially including assessment of odour thresholds, provides the most meaningful approach to human olfactory function [19, 20] .
The objectives of the present study were to develop a simple and quickolfactory test,suitable for the evaluation of odouridentification and threshold in a Spanishpopulation aged 6-17 years and to assess the reproducibility and validation of the test.
Materials and Methods

Study population
One hundred and thirty-one Spanish healthy volunteersaged 6-17 years with subjective normal sense of smell were included in the study from February to September 2016 at a tertiary-care center.All children and adolescents were healthy, community volunteers of middle socioeconomic class. According to age, volunteers were stratified in four groups: 6-8, 9-11, 12-14 and 15-17 years.
Exclusion criteria were: upper respiratory tract infection in the last two weeks, known psychiatric or neurocognitive impairment, nasal inflammatory disorders, previous nasal surgery, diabetes mellitus, renal failure or any other disease linked to olfactory dysfunction.
Study Design
The Ethics Committee of our institution approved the study and signed informed consent was obtained from volunteer's legal guardians and adolescents (≥12 years old) gave their assent. Additionally, children (<12 years old) gave their oral assent.
Each volunteer was tested individually in a noise isolated, well ventilated room with controlled humidity and temperature (21-23ºC) .Individuals were tested simultaneously at both nostrils, first for smell identification and then for smell threshold.
To compare the results of our smell test with an already validated and standardized smell identification method in children, all volunteers were also tested using the U-Sniff
Test [18] .
Children were randomized to perform first the paediatric Barcelona Olfactory Test-6 (pBOT-6) test or the U-Sniff test. The duration of each test was recorded.
A group of 15children was tested in three separate sessions with a two-weeks interval between examinations to evaluate the test-retest reliability.Additionally, 8children
previously assessed with the pediatric Smell Wheel Test [16] : 4diagnosed with isolated congenital anosmia (ICA), and 4 with partial loss of smell due to inflammatory causes (1 nasal polyposis in cystic fibrosis, 2 adenoidal hyperplasia, and 1chronic rhinosinusitis without nasal polyps) were included for test validation.
Subjective Olfactometry
Paediatric Barcelona Olfactory Test (pBOT-6)
1.1.Smell Identification test
Selection of odorants included in the test was based on a comprehensive review of the main olfactory tests reported in the literature. From a list of more than 50 odours, a panel of experienced investigators selected the final odoursto be incorporated in the test.
Criteria used to choose odours were: i) easy identifiable and recognizable by young children in Spanish population; and ii) cost-effective and easy to manufacture as chemical compounds (odorants).
Six odorants were selected for inclusion in the identification pBOT-6 ( Table 1) Otorhinolaryngology [10] .
Volunteers were requested to identify the odour from four given image descriptors (Table 1) Figure 1B ).
The sum of correct identification answers (0-6/6) was used to obtain theidentification score (IS), which was also expressed as percentage of the total number of presented odorants (0-100%). Phenyl ethyl alcohol (PEA, rose scent) was employed for the threshold test, with 6 dilutions of a geometric series presented in sniff bottlescontaining 20ml of solution ( Figure 1C ). The solvent for PEA was propylene glycol.
1.2.Smell threshold test
Detection threshold measurement was obtained using a single ascending forcedchoice methodwidely used in Japan [21, 22] , beginning with the lowest concentration (Bottle 6, 0.0002%), and increasing PEA concentration gradually (Bottle 5, 0.002%; Bottle 4, 0.02%; Bottle 3, 0.2%; Bottle 2, 2%; and Bottle 1, 20%). With each bottle participants were asked to respond "yes" or "no" to the question "do you smell something?" The dilution step at which the odorant stimulus was first detected was used to define detection threshold. Before testing, volunteerswere instructed to say "yes" only when they were certain they had detected the odour, but they were not asked to identify it. If unsure, the subjects were instructed not to guess. PEA threshold measurement was reported in a numeric scale corresponding to the number of the bottle (1 to 6) detected by the subject which defined the subject's threshold score (TS). If the subject was not able to detect the most concentrated dilution (Bottle 1, 2%) a number "0" was assigned.
1.3.Universal-Sniff test for children (U-Sniff)
The pBOT-6 was compared with the U-sniff test, that contains 12 odour items presented as pen-like "sniffin' sticks", administered in a four answer forced choice model using image and name of odours, with an IS of 0 to 12 (0-100%) [18] .
Statistical Analysis
Data management and statistical analysis was performed using Epiinfo for Windows (Epiinfo TM 7.1.5; Atlanta, USA) and MedCalc for Windows (MedCalc version 15, Ostend, Belgium; http://www.medcalc.org). A Bartlett's test was performed to evaluate the homogeneity of variances.
Frequencies, means and standard deviations (SD), were calculated for the demographic and clinical characteristics of the participants. ANOVA test was used to analyze gender distribution and smell outcomes differences according to gender and age (p≤0.05 was considered statistically significant).
A Bland-Altman plot was used to compare pBOT-6withU-Sniff test.For each IS, the average of pBOT-6 and U-Sniff test were calculated and then plotted against the difference of the two measurements. The limits of agreement (LoA) were defined as the J Investig Allergol Clin Immunol 2020; Vol. 30 (6) © 2019 Esmon Publicidad doi: 10.18176/jiaci.0451 mean difference ± 1.96 SD of differences. A 95% confidence interval of the LoA was used to define agreement between the two smelltests [23] .
The correlation between smell scores and age was assessed using a linear regression analysis for all patients. Additionally, a Mann-Whitney two-sample test was used to analyze differences of IS and TS between age groups, and between healthy volunteers and smell loss patients.
The reliability over time (test-retest) was analyzed using the intraclass correlation coefficient (ICC). The strength of the ICC values was interpreted according to Shrout and Fleiss [24] as <0.40poor, 0.40-0.75 fair to good, and >0.75 excellent consistency among measurements.Using Walter et al. formula [25] , we have calculated that a minimum sample size of 13 healthy children with 3 observations per subject would be required to achieve the statistical significance for an alpha-value set at 0.05 and with the minimum power of at least 80%.
In order to validate the test todifferentiate subjects with a normal smell function from those with partial or total smell loss, the 10 th percentile was used as a cut-off point, based on pre-existing tests [8, 12, 26] . A receiver operator characteristics (ROC) curve analysis was performed in conjunction with the Youden index to define the highest sensitivity and specificity of the "pBOT-6" test. A group of 8 children with smell loss diagnosed by the smell wheel test [16] were also tested for validation.
According to a sample size calculation made by Hugh et al. [17] (p value of 0.05, power of 0.80, clinically significant difference of 1.86 and standard deviation of 1.63), eight participants were required per age group. However, more volunteers aged 6-8 years were recruited in order to validate the test in youngest children, who may presentmore unfamiliarity of the odours.
Results
Demographic Characteristics
One hundred and thirty-one healthy volunteers (mean age 9±2.6 years; female 58%) were enrolled. The majority of participants were children aged 6-8 years. Age groups were homogeneous in terms of gender ( Table 2) . All volunteers understood the task and were able to perform both smell tests. The mean duration of pBOT-6 test (identification + threshold) was 2.33 ± 0.44 minutes. The mean duration of U-Sniff test was 2.55 ± 0.57 minutes. The meanpBOT-6 total IS was 87.5 ± 13.6%. Figure 2 displays the mean IS for each odour. Lemon was the most commonly identified correctly, and banana was the least frequently identified odour. Mean pBOT-6
IS was 88 ± 14.7% for girls and 86.7 ± 11.8% for boys (p=0.5). Mean TS was 3.1 ± 1.2 for girls and 3 ± 1 for boys (p=0.6)
Additionally, 8 children with smell loss (total or partial) were included for test validation ( Table 3 ). Odour identification scores were significantly lower for patients with smell losscompared withhealthy volunteers, but this difference was less pronounced for vinegar odour (Figure 2 ).
Agreement between BOT-6 and U-Sniff test
Bland-Altman analysis demonstrated a minimalbias of -1.71% with upper and lowerlimit of agreement of -31.1% and 27.6%, respectively. After calculating the mean difference and the standard deviation of the difference, we would expect most of the differences to lie between the limit of agreement. Hence, according to the Bland-Altman method, there was agood degree of correlation and agreement between pBOT-6 and U-Sniff test (Figure 3 ).
Figures4A and 4B show a moderate correlation between pBOT-6 IS and age (r=0.26; 95% CI 0.09-0.41; p<0.05), and between U-Sniff IS and age (r=0.31; 95% CI 0.14-0.45; p<0.001), respectively. Figure 4C shows no significant correlation between PEA threshold score and age (r=0.14; 95% CI -0.04-0.29; p>0.05). Figure 5A shows a significant increaseof IS in older age groups (p<0.001) without significant differences between U-Sniff and pBOT-6 tests. Figure 5B shows no differences (p>0.05) in TS between age groups. J Investig Allergol Clin Immunol 2020; Vol. 30 (6) © 2019 Esmon Publicidad doi: 10.18176/jiaci.0451
Reliability (test-retest)
When analyzing olfactory scores at weeks 0, 2 and 4 in fifteenvolunteers (table 4) , the ICC was 0.83 (95% CI 0.6-0.96) for the pBOT-6 IS and 0.73 (95% CI 0.36-0.9) for the TS, showing excellent and good consistency between measurements over time respectively.
Normative values
To separate normosmia from olfactory dysfunction we applied the 10 th percentile cutoff to our data sample for the IS at every age. According to the 10 th percentile an IS of 4/6 in children aged6-8 and 9-11 years; and an IS of 5/6 in subjects aged 12-14 and 15-17 yearsis considered normosmic. Therefore, scores below these values can be considered as smell loss. Regarding PEA threshold test, the 10 th percentile cutoff defined normosmiaas a TS of 2/6 for all age groups.
5.Validation
A group of eight children diagnosed with subjective smell loss (4 children with ICA and 4 children with hyposmia caused by inflammatory conditions) were analyzed ( Table 3 ).
The 4 patients included with partial loss of smell had very low Smell Wheel test identification scores (<4/11). None of the 4 patients with total smell loss (ICA) were able to detect or identify any of the Smell Wheel scratch and sniff odorants.
Mean pBOT-6 IS( Figure 6A ) and TS ( Figure 6B ) were significantly higher in healthy volunteers compared with patients with smell loss.By using the highest Youden index, a sensitivityof 96.9% and a specificity of 100% to confirm a normal senseof smell were reached when a cut-off of ≥4/6 points in IS was used. For PEA threshold test, a sensitivity of 66.4% and a specificity of 87.5% to confirm a normal sense of smell were reached when a cut-off of ≥2/6 points in TS was used.
Discussion
In the current study, we developed and validated the "pBOT-6" smell identification and threshold test for childrenaged 6-17 years. This is the first smell test designed specifically for children that includes a threshold test. Normative values for healthy Spanish population were determined and reliability of the test was corroborated. All participants, including children as young as 6 years old, were able to understand and complete the test.
Bland-Altman analysis showed a significant correlation and agreement between pBOT-6 and U-Sniff tests. Additionally, ICC values showed consistency between measurements of pBOT-6 identification and threshold tests over time. Moreover, normative values showed high sensitivity and specificity to diagnose smell loss in children with ICA or inflammatory conditions associated with hyposmia.
Performance of both U-Sniff and pBOT-6 identification scorescorrelated and increased
with age. This is in the same line with previous studies demonstrating age-related increases in children's IS [14, 17, 18, 27] . However, in the current study,although we observed a tendency toward a better threshold score with age, differences did not reach statistical significance.A previous study evaluated olfactory threshold in children using a modified "Sniffin' Sticks" threshold test [20] . They reported an increase in threshold scores with age. However, they used a three-alternative-forced-choice test which might take a longer time and requiresa higher level of concentration, making difficult for young children to perform adequately. In the pBOT-6 threshold test, we used a single ascending non-forced choice method. This is a fast and very easy method for young children in which they are asked to detect, and not to identify, an odorant. These results are in line with other studies that have found noodour threshold differences between children and young adults [1, 28] , suggesting that the ability to identify odours is related to perceptual learning with age, but this cognitive ability does not extend to sensorial smell threshold detection, as detection is purely sensorial and therefore not affected by experience [19, 29] .The importance of using a threshold test lies in the fact that a composite analysis of several components of olfaction provides a more comprehensive approach to olfactory function than smell identification alone, facilitating diagnosis of early stages of hyposmia [19] . J Investig Allergol Clin Immunol 2020; Vol. 30 (6) © 2019 Esmon Publicidad doi: 10.18176/jiaci.0451
It's well known that adult woman outperform men in olfactory tasks [30, 31] . However, gender difference in smell function in children is controversial. Some studies have reported that girls outperform boys [13, 15, 18] . Nevertheless, in accordance with other studies [14, 16, 32, 33] , wefound no differences in pBOT-6 identification and threshold scores between girls and boys. As pBOT-6 was designed to be a simple, quick and easy to perform screening test, it might be not sufficient to detect subtle gender differences.
Furthermore, some studies show that female smell function superiority decreases when men are provided with some help in the retrieval of odour names [32] (pictures and labels in pBOT-6).
Healthy volunteers showed higher pBOT-6 identification scores than smell loss patients for all odorants, but this difference was less noticeable for acetic acid odorant (vinegar).
Probably, some children with olfactory loss are able to detect vinegar due to its strong stimulation of trigeminal receptors [34] . Acetic acid (AcOH) has been described as a trigeminally potent chemical stimuli [35] . It produces a stimulation of a specific trigeminal receptor (TRPV1) even in very low concentrations leading to a tingling perception, which in higher concentrations becomes sharp, burning, and even painful [36] .
Someodour identification tests have been designedfor children to distinguish between normosmia and smell dysfunction [14] [15] [16] 18] . However, odour identification differs significantly across countries [18] . Furthermore, performance relies on prior exposure to and familiarity with the presented odours, which may differ acrosscultures [37, 38] . This limitation is particularlyrelevant for paediatric population where experience, semantic memory, and verbal skills affectodour tasks proficiency.pBOT-6 was developed specifically for Spanish children, as a short olfactory screening test, easy to perform, and designed to be used in daily clinical practice. Total IS was near 88%, comparable with other smell tests developed for children such as NIH-Toolbox [39] (72%), Smell Wheel [16] (70-90%) and U-Sniff [18] (69-93%).
When compared with the U-Sniff test, which has been recently validated across different countries [18] , the pBOT-6 showed a good correlation and agreement according with Bland-Altman plot. The time required to perform the combinedidentification and threshold test was less than 3 minutes, a duration similar to U-Sniff identification test alone. The main advantage of the rapidity of pBOT-6 is that young children are able to maintain attention, decreasing the probability of randomness J Investig Allergol Clin Immunol 2020; Vol. 30 (6) © 2019 Esmon Publicidad doi: 10.18176/jiaci.0451 in their responses. Additionally, the test can be used as part of the standard in-office clinical assessment.
We believe U-Sniff test is an excellent tool to evaluate olfaction in Spanish children.
However, we think of pBOT-6 smell identification test as a fast screening tool feasible to use in daily clinical practice. Children with smell loss screened by pBOT-6 can be further studied and diagnosed with U-Sniff test and PEA threshold test to complement olfactory function assessment.
Test-retest pBOT-6 ICC values showed excellent (0.8) and good (0.7) consistency among identification and threshold measurements over time, respectively. Similar levels of reliability using Pearson correlation have been noted in Smell Wheel [16] (r=0.7) and U-Sniff [18] (r=0.83) identification tests. However, pBOT-6 was more reliable than other paediatric tests such as the Sniffin' kids [14] (r=0.44) or the NIH-Toolbox [39] (r=0.45).
Only three paediatric smell identification tests have included patients with olfactory dysfunction for validation [14, 15, 18] during test development. Although we included only 8 children diagnosed with smell loss in the present study, children with ICA and sinonasal inflammatory disorders scored significantly lower p-BOT-6 identification and threshold scores than healthy volunteers. Additionally, Youden index cutoff points (4/6 for IS and 2/6 for TS) were able to differentiate normosmia from smell loss with high levels of sensitivity and specificity.This cutoff points coincided with the 10 th percentile values, which are frequently used to separate normal from reduced sense of smell in olfactory testing [8, 14, 15, 18, 39] .
Limitations
First, the main limitation of the present study was the number of odorants used for the identification task, which might be insufficient to characterize accurately smell function and to define the severity of hyposmia. However, we decided to include only 6 odorants, in order to maintain as much as possible the attention span of children, and to be able to use the test in daily clinical practice as a screening tool. Some brief smell identification tests with less than 6 items have been developed to identify anosmia in adults with a high degree of specificity [40] [41] [42] . Richman et al. [43] validated a rapid 5 microencapsulated odorant test based on "Scratch and Sniff'' technique in a large population of healthy children and adolescents. However, they did not study the J Investig Allergol Clin Immunol 2020; Vol. 30 (6) © 2019 Esmon Publicidad doi: 10.18176/jiaci.0451 efficacy of the test in children with olfactory dysfunction. In the present study, pBOT-6 showed a high degree of sensitivity and specificity to diagnose smell dysfunction in 8 children with well-known causes of olfactory loss. However, smell loss patients were initially evaluated with the Smell Wheel test [16] , which has no normative/reference values published to date. Therefore the difference between partial or total loss of smell was initially based on patient's subjectivity and parent's opinion. A much larger sample of such children should be evaluated with the test to characterize its efficacy for evaluating olfactory ability.Second, we did not conduct any cognitive test. Hence, the influence of cognition on odour identification ability could not been observed in the current study. Third, selection of odorants was madebased on the experience of participating researchers and consequently, it is possible that other odour items also would have been appropriate for inclusion.And forth, the lack of objective smell measurements. Although objective smell tests, such as odour-evoked response potentials and functional magnetic resonance imaging have been used in olfaction research, they are expensive and its clinical use in humans has been limited to specialized smell and taste clinics. Forth, this is the first study to use this olfactory threshold test in chidren. Therefore, validation of the test correlating it with an already validated pediatric threshold test would be necessary. However, to the best of our knowledge, there are no odor detection threshold tests specifically designed for children in the literature.Few adult odor threshold test have been previously used in pediatric population. The Lyon Clinical Olfactory Test [13] and the "Sniffin' Sticks" olfactory threshold test [20] seem suitable and reliable for children and adolescents. However, these tests were developed in a specific country with country specific odors that may not be suitable for Spanish children.
Conclusions
With the 6-item odour identification test and the 6-dilution odour threshold tests, we propose a valid and reliable tool, the "paediatric Barcelona Olfactory Test -6" (pBOT-6), to rapidly assess olfactory function in Spanish children and adolescents. This test offers anefficient and fast method useful in clinical routine to distinguish,with high sensitivity andspecificity,between paediatric patients with normosmia and those with a partial (hyposmia) or total (anosmia) loss of smell. 
